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(54) Si wafer-cap wafer bonding method using local laser energy, device produced by the method, 
and system used in the method 



(57) System and method for bonding a cap to a wa- 
fer. The method includes providing a wafer with an mi- 
croelectrornechanicaf system arranged thereon; provid- 
ing a bond frame arranged on the outer perimeter of the 
wafer; and providing a transparent cap. A laser beam is 
projected through the transparent cap and impinges on 
the bond frame in a region adjacent to the transparent 
cap. The bond frame absorbs some or all of the laser 
energy and increases in temperature. The heat gener- 
ated by the impinging laser beam is transferred from the 
bond frame to the adjacent cap, which is heated in ex- 



cess of its melting temperature. The transparent -cap 
melts in the region of the laser impinging on the bond 
frame and thereby bonds with the bond frame, creating 
a hermetic seal between the cap and the wafer. The 
MEMS sensor is thereby protected from the environ- 
ment by the hermetically sealed cap. A MEMS device 
with an hermetically sealed cap or a BioMEMS device 
with a channel having rounded corners is provided. A 
system for creating hermetically sealed MEMS devices 
and/or BioMEMS devices having rounded channels is 
provided. 
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Description 

Field of the Invention 

[0001] The present invention generally regards the 
bonding of wafers to create microelectromechanica! 
systems. More particularly, the present invention re- 
gards a method and system for bonding a silicon wafer 
to a cap wafer using a laser. 

10 

Background Information 

[0002] Sensor components may be manufactured us- 
ing surface micromechanics, deposition, or etching 
technologies, Microelectromechanical systems *s 
(MEMS) are used for a variety of devices including cs- 
cillators> channels, pumps, acceierometers, and filters. 
To protect against externaF interference during opera- 
tion, it may be desirable to hermetically seal the MEMS 
sensor structure with a cap. This seating process may eo 
take place in a vacuum or under controlled atmospheric 
conditions. Capping is usually performed on the wafer 
level using a structured silicon or glass wafer. This cap 
wafer Is designed so that it can be placed on the sensor 
wafer in an aligned manner ss 
[0003] Glass and silicon wafers have been bonded 
using anodic bonding techniques. Anodic bonding uses 
borate glass containing alkali ions (e.g., Borofioat, Py- 
rex) as the cap and a conductive or semi-conductive ma- 
terial as the bond frame (e.g. silicon). Anodic bonding 30 
requires good contact between the surface layers, and 
therefore requires smooth contact surfaces. Some me- 
chanical compression is also required to provide a good 
contact between the layers. High temperatures, on the 
order of 300 to 500 degrees Celsius, and high voltages 35 
are required for successful anodic bonding. A charge is 
applied between the glass and the silicon to create a 
bond between the atoms at the interface between the 
different layers. One important disadvantage of anodic 
bonding is that thermally induced mechanical stress re- *o 
suits from the heating of the different layers since the SI 
wafer and the glass wafer have different expansion co- 
efficients. Another disadvantage of anodic bonding is 
that, due to the high electrostatic fields, the movable 
MEMS structures may stick during the bonding process 
or may have to be electrically insulated from the elec- 
trostatic fields. 

[0004] Alternatively, glass frit bonding has been used 
to bond the cap wafer to the Si sensor wafer in a stable 
manner. Wafer bonding techniques such as glass frit 
bonding use special glasses that contain PbO and that 
soften at moderate temperatures. Glass frit bonding has 
the advantage that the topography of the contact sur- 
face and par\tc\e& at the bonding interface have little ef- 
fect. The disadvantages of glass frit bonding include 55 
crimping of the solder, the wide bonding interface re- 
quired, the offset between the cap and wafer, ouigas- 
sing from the bonding process, and the difficulty of fur- 



ther processing the object. 

[0005] Another alternative bonding technique is sili- 
con direct bonding, which may have the disadvantages 
that the topography of the contact surfaces must be very 
5 smooth and that any particles present at the contact sur- 
face weaken bond adhesion. Additionally, silicon direct 
bonding may require very high temperatures on the or- 
der of 700 to 1000 degrees Celsius, 
[0006] Other bonding techniques are eutectic bond- 
ing or adhesion techniques such as gluing. These tech- 
niques are used for various applications. Major disad- 
vantages of gluing include outgassing, poor alignment, 
poor durability, a large bonding area, and the difficulty 
of further processing the object. 

[0007] Some important considerations when select- 
ing the bonding technique are thermal mismatch be- 
tween the sensor wafer, the cap wafer and the bonding 
medium used; the effect of topography and particles; the 
further processabiiity of the combination; the bonding 
surface required for a stable bond; the emission of gas- 
es from the bonding medium; and special measures 
such as electrical shielding and the like. Therefore, there 
is a need for a method of consistently and reliably bond- 
ing a sensor wafer to a cap wafer to provide a hermeti- 
cally sealed cap. Also desirable is a method of hermet- 
ically sealing a cap wafer to a silicon wafer that requires 
only a small area for the bonding area. 
[0008] The use of lasers in manufacturing is spread- 
ing due to the abundance of different types of lasers that 
are available economically. For instance, aluminum may 
be welded during airplane production using localized la- 
ser energy. 

[0009] Channels may be constructed as part of the 
production of Bio-MEMS (biological microelectrome- 
chanical systems). These channels may be used lor the 
passage of fluids. In some bonding methods, the chan- 
nel produced may have cavities at the interface between 
different layers. These cavities may allow dirt or impuri- 
ties to corrupt a biological sample or distort a sensor 
measurement. Therefore, a method of bonding to pro- 
duce a channel with rounded corners for use in 
Bio-MEMS or other applications may be desirable. 

Summary of the I nventjon 

[0010] A system and method for bonding a glass wa- 
fer to a silicon wafer is provided that uses localized laser 
energy. In this method, a transparent cap wafer (e,g. 
glass or plastic) is transillumineted by a laser beam hav- 
ing a high power density while the cap wafer is aligned 
and in close contact with a silicon wafer. Only the cap 
wafer is transparent to the laser beam so that almost all 
the light is absorbed in the silicon wafer. As a result, the 
glass boundary layer melts in a localized manner and 
bonds with the silicon wafer. In one preferred focusing 
and guidance system, the laser is moved in discrete 
steps over the wafer such that narrow bonding traces (2 
urn - 100 |im in width) are formed from molten silicon 
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in the bonding surfaces, and these traces hermetically 
enclose the sensor structure. 

[0011] The method for creating a bond between a wa- 
fer and a cap includes providing the wafer with at least 
one micFoeiectromechanical system and a bond frame 
arranged on the wafer The bond frame is arranged on 
an outer perimeter of the water with respect to the at 
least one microelectromechanical system and has a 
high absorption coefficient with respect to a laser beam 
wavelength. A cap with a low absorption coefficient with 
respect to the laser beam wavelength is arranged on top 
of the wafer. The laser beam is projected through the 
cap and impinges on the bond frame thereby heating 
the bondframe. A portion of the cap adjacent to the bond 
frame is melted creating a bond between the cap and 
the bond frame, 

(001 2] A device is provided including a wafer, at least 
one microelectromechanical system, a bond frame, and 
a cap. The cap is bonded to the bond frame by a laser 
beam projected through the cap and impinging on the 
bond frame and heating the bond frame. The heat from 
the bond frame melts the cap which forms a bond with 
the bond frame. 

[0013] A system for bonding a wafer to a cap is pro- 
vided with a holder which applies a norma! force to the 
wafer and the cap and which has an aperture for the 
laser beam. Also mc\u6e6 is a iaser directed at the ap- 
erture and projecting at a frequency that passes through 
the aperture with about zero absorption. The laser beam 
passes through the cap and impinges on the wafer, 
thereby heating the wafer and causing the cap to bond 
to the wafer. 

Brief Description Of The Drawings 
[0014] 

Figure 1 illustrates a cross-sectional view of a mi- 
croelectomechanical structure arranged on a sili- 
con wafer showing a cap wafer suspended above 
the wafer. 

Figure 2 illustrates a cross-sectional view of the mi- 
croelectromechanical structure of Figure 1 after 
bonding to create a hermetica! seal and illustrating 
the iaser beams used to create the bonds. 
Figure 3 illustrates a cross-section of a channel cre- 
ated using traditional bonding techniques. 
Figure 4 illustrates a cross-section of a channel cre- 
ated using laser beams lo create the bond between 
the cap and the sidewails. 

Figure 5 shows a flow chart illustrating a method 
according to the present invention. 

Detailed Description 

[001 S] The method of the present invention for bond- 
ing two wafers is shown schematically in Figures 1 and 
2. In this example, the bonding technique according to 



the present invention is used to hermetically cap sensor 
components which have been constructed using sur- 
face micr ©mechanics, etching, or deposition technolo- 
gy. Figure 1 shows a cross-sectional view of Wafer 11 
5 upon which is arranged, on a top side in the center, Sen- 
sor Structures 12. Sensor Structures 12 may be an os- 
cillator, channel pump, aeceierorneter f filter, or any oth- 
er appropriate MEMS structure and may be of any ap- 
propriate shape and/or size. Sensor Structures 12 may 
10 be composed of silicon single crystals, silicon poly crys- 
tals, metal, galvanic material {e.g. zinc or silver), silicon 
germanium, plastic, or any other appropriate material. 
Sensor Structures 1 2 may be constructed by any appro- 
priate micromachming method, including methods uti- 
15 lizing vapor deposition and etching techniques- In par- 
ticular, chemical vapor deposition {CVD) may be uti- 
lized, including laser-assisted CVD <LCVD), plasma-ac- 
tivated CVD {PACVD), electron-assisted CVD 
(EACVD), and electron beam induced CVD (£BCVD). 

20 Also physical vapor deposition <PVD) may be utilized, 
including electron beam PVD (EBPVD). 
[0016] Also arranged on the top side of Wafer 1 1 , on 
both sides of Sensor Structure 12, is Bond Frame tor 
bond ring) 1 3. Not illustrated in Figure 1 due to the cross- 
es sectional nature of the drawing is that Bond Frame 13 
forms acontinuous circumference around SensorStruc- 
ture 12. Bond Frame 13 may be made in any appropriate 
shape or size, it may also be advantageous if the top 
surface of Bond Frame 13 is smooth to facilitate forma- 

30 tion of a bond with Cap 14. Wafer 11 may be composed 
of silicon, or may be made of any other appropriate ma- 
terial. Sensor Structure 12 ; and/or Bond Frame 13, may 
also be composed of silicon or any other appropriate 
material Sensor Structure 12 and/or Bond Frame 13 

35 may be deposited on Wafer 1 1 using traditional deposi- 
tion techniques, or by any alternative construction tech- 
nique. Sensor Structure 1 2 may be a structure designed 
to filter, oscillate, measure pressure, or any other func- 
tion appropriate for a microelectromechanical system. 

ao it may be advantageous for the operation of Sensor 
Structure 12 that it operate in vacuum, near vacuum, or 
in a specific gas and/or at a specific pressure. Therefore, 
it may be advantageous that Sensor Structure 12 be 
hermetically sealed with a cap. 

45 [001 7] Cap 14 is shown in Figure 1 positioned above 
Wafer 11 in alignment with Wafer 11. Arrows 15 show 
the direction in which Cap 14 is moved in order to bring 
it into contact with Bond Frame 13. One advantage of 
the technique described herein is that the area available 

50 in Bond Frame 13 to form a bond with Cap 14 is smaller 
than the surface necessary for alternative bonding tech- 
niques. A smaller surface area of Wafer 1 1 dedicated to 
Bond Frame 1 3 means that Sensor^tructure 1£ maybe 
larger, or that Wafer 1 1 may be smaller Another advan- 

55 tage is that the technique describe herein is effective 
even with surface imperfections and irregularities on the 
contact areas between Bond Frame 13 and Cap 1 4. Cap 
14 may be made of any material transparent with r-e- 
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spect to the laser wavelength selected Typical laser 
wavelengths are in the range ot 900 to 1200 nanome- 
ters, and may preferably be 1100 nanometers. Cap 14 
may be composed of glass, plastic, or any other appro- 
priate transparent material. In one embodiment Cap 14 5 
is composed ot glass with a melting temperature of more 
than 200 degrees Celsius, and preferably a meiting tem- 
perature of between 400 and 800 degrees Celsius. 
Bond Frame 13 may be composed of silicon, and may 
have a melting temperature of about 1200 degrees Cel- *o 
sius. Therefore, as Laser Beams 17 impinge on Bond 
Frame 13 and consequently heat Bond Frame 13, the 
temperature rises to between 400 and 800 degrees Cel- 
sius, and then the glass melts. This may provide a suf- 
ficient bond and therefore the Laser Beams 17 would 
be scanned to different regions to heat up different re- 
gions of Bond Frame 13. Alternatively, Laser Beams 17 
may continue to impinge on Bond Frame 13 until the 
temperature of Bond Frame 13 reaches about 1 200 de- 
grees Celsius, at which time Bond Frame 13 also melts. 
Melting both Bond Frame 13 and Cap 14 may provide 
a more effective hermetic seal. 

{0018J Figure 2 shows the arrangement of Figure 1 
after Cap 14 has been positioned in contact with Bond 
Frame 13. Cap 14 may be positioned so that Cavity 16 
formed by Wafer 1 1 , Bond Frame 13, and Cap 14 com- 
pletely encloses Sensor Structure 12. In this situation, 
Cap 14 lies above a top edge of Sensor Structure 12. 
Wafer 1 1 may preferably be made of a material with sim- 
ilar thermal expansion properties to the maleriai of Cap 
14. It may also be advantageous if Wafer 11 and Cap 
1 4 are well-matched with respect to being processed us- 
ing a diamond saw (interior compass saw or wire saw), 
to facilitate post-bonding processing. Both Wafer 11 and 
Cap 14 may also include one or more structures made 
of silicon, oxide, nitride, metal or any other appropriate 
material. 

10019] In the present invention, one or more layers are 
applied to Wafer 11 to create Bond Frame 13. Bond 
Frame 13 can then be brought very nearto : or in contact 
with, Cap 1 4 in the area of the bonding site. Bond Frame 

13 is made of one or more materials having a higher 
absorption coefficient than the material of Cap 14. 
[0020] The bonding of Cap 14 to Wafer 11 may take 
place in a vacuum, near-vacuum or any other controlled 45 
environment. Therefore, any appropriate gas may be 
present ( at any appropriate pressure, to enable the 
MEMS to operate more efficiently. 
[0021 J Figure 2 shows Wafer 11 in contact with Cap 

14 through Bond Frame 1 3 f or within a distance of a few 50 
u,m. Laser Beams 17, having a high power density and 
a wavelength which will not be absorbed by Cap 14, are 
directed at the aligned compound wafer in the direction 
of the arrows indicated on Laser Beams 17. Laser 
Beams 17 are routed along the bond areas aroundBond 55 
Frame 13 at a scan rate (i.e., writing speed) of between 
10 mm/s and 1000 mm/s. Either Laser Beams 1 7 may 
be scanned along Bond Frame 1 3 while the wafer stack 
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remains immobile, or the wafer stack may move on an 
x-y table (not shown) while Laser Beams 17 either re* 
main immobile or simultaneously move. The width of the 
bonding trace may be determined by the width of Laser 
Beams 1 7 T and may be as small as several micrometers 
wide (e.g., 2 to 20 micrometers). Laser Beams 17 may 
advantageously be high powered (e.g. t 1 to 50 watts) to 
enable fast writing speeds. Additionally, multiple lasers 
{not shown) may be "ganged" in order to create Laser 
Beams 17, and to thereby increase the production 
speed. 

[0022} It may be necessary in this process to know 
the position of the bonding surfaces with respect to the 
laser beam. An infrared transmission alignment method 
may be used for this purpose, for example. Virtually no 
luminous power is absorbed in Cap 14 due to the seiec- 
tion of the laser wavelength, Almost all the luminous 
power of Laser Beams 1 7 are absorbed in Bond Frame 

13. This absorption generates heat which locally melts 
Bond Frame 13 and/or Cap 14. Melting Bond Frame 13 
and/or Cap 14 creates Bond 18. Bond 18 may therefore 
provide an hermetic seal for Sensor Structure 12 by 
completely surrounding Sensor Structure 12. Wafer 11 
and Cap 14 may be arranged in a holder (not shown) 
that would ensure proper alignment of Wafer 11 and Cap 

14. Additionally, the holder might provide some pressure 
at the interface between Bond Frame 13 and Cap 14. 
The holder might be transparent with respect to the 
wavelength of Laser Beams 17, or the holder might be 
opaque or reflective with respect to the wavelength of 
Laser Beams 17. If the holder is opaque or reflective, 
then the holder may provide an aperture through which 
Laser Beam 1 7 is projected. This aperture of the holder 
may ensure that Laser Beams 17 are projected at only 
a central, target region of Bond Frame 1 3 to create Bond 
18 (or a bond trace). This aperture may therefore pre- 
vent errant or accidental lasing of regions of either Bond 
Frame 13, Wafer 11 : or Sensor Structure 12 that are not 
intended to be bonded. This aperture may additionally 
include optics used to align and/or focus Laser Beams 
17. 

[0023] Melting Bond Frame 13 and/or Cap 14 creates 
Bond 18 between Bond Frame 13 and Cap 14. Due to 
the controllable nature of the laser, Bond 18 may be lo- 
calized, reducing the area requirements for Bond Frame 
13. The localized nature of Laser Beam 1 7 also reduces 
the stress that may result from heating the adjacent lay- 
ers (Bond Frame 13 and Cap 14) if the layers are made 
of materials with different thermal expansion coeffi- 
cients. The width of Bond 18 is defined by the width of 
Laser Beam 17, which may be as small as several mi- 
crometers (e.g. 2 to 20 micrometers). Bonding with La- 
ser Beam 1 7 may avoid some of the problems associ- 
ated with anodic bonding including sticking of the MEMS 
structures due to exposure to high voltages } or the ne- 
cessity to shield the MEMS structures to prevent stick- 
ing. 

[0024] Figure 3 shows a cross-sectionai view of a 
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channel for example a channel used in a Bio-MEMS, 
constructed by traditional methods, for instance anodic 
bonding, Channel 19 is created by bonding Wafer 11, 
having SidewalJs 20, to Cap 14. Wafer 1 1 and SidewalJs 
20 may be made of any appropriate material, including 
silicon. Sidewalls 20 may be constructed on Wafer 11 
using any appropriate micromachining technique, dep- 
osition, and/or etching. Similarly, Cap 14 may be made 
of any appropriate material, including glass or plastic. 
Traditional bonding techniques used to construct Chan- 
nel 19 shown in Figure 3 result in Gaps 21 in the comers 
of Channel 1 9 between the bonded layers (Sidewalls 20 
and Cap 1 4) . Gaps 21 provide a space for the collection 
of contaminants and Impurities when fluids pass through 
Channel 19. Therefore, the presence of Gaps 21 may 
lead to either deteriorating performance for the Bi- 
oMEMS (or other device utilizing Channel 19) or to the 
necessity of increasing, efforts (measured in time and/ 
or costs) to decontaminate and/or clean Channel 1 9. 
[0025] For instance, BioMEMS may be used to test 
for enzymes by coding the enzymes with a molecular 
marker, then conditioning Channel 19 with a molecule 
that reacts with the molecular marker, then passing the 
enzymes through Channel 19. Depositing coded en- 
zymes on Sidewalls 20 of Channel 19 provides an op- 
portunity to observe the enzymes. Therefore, for pur- 
poses of viewing only, and not with respect to the con- 
struction technique described herein, any of Wafer 11 T 
Sidewalls 20, or Cap 14 may be transparent to enable 
viewing of any enzymes or other chemical markers de- 
posited on Sidewalls 20 of Channel 1 9. 
[0026] Another application in which channels with 
smooth corners may be advantageous include ink jet 
printer heads. Ink jet printer heads use nozzles, holes, 
and channels, any of which may be subject to contam- 
ination by impurities if the sidewall junctions have cracks 
or crevices. Bonding Sidewalls 20 of Channel 1 9 {or al- 
ternatively, bonding sidewalls of nozzles) using local- 
ized iaser energy provides rounded corners which may 
be more suitable to the unimpeded flow of ink or any 
other appropriate fluid. 

[0027) Figure 4 shows a BioMEMS channel similar to 
thai shown in Figure 3, except that Gaps 21 have been 
replaced with Rounded Corners 22. The transformation 
from the channel shown in Figure 3 to that shown in Fig* 
ure 4 is accomplished by illuminating the junction be- 
tween Sidewalls 20 and Cap 14 in the vicinity of Gaps 
21 . Laser Beams 17 show the position and direction of 
laser illumination, which may be directed at the surface 
between Sidewa!te20 and Cap 14. Cap 14 should there- 
fore be transparent, or have a very low absorption co- 
efficient, in order for Laser Beams 17 to pass through 
Cap 14 with little or no absorption. Sidewalls 20 should 
have a high absorption coefficient with respect to the 
wavelength of LaserBeams 1 7 so that the energy of La- 
ser Beams 1 7 may be absorbed and the material of 
Sidewalls 20 and/or Cap 14 heated. Healing Sidewalls 
20 and/or Cap 14 to melting temperature enables the 



two materials to bond with one another in the junction 
between Sidewalls 20 and Cap 14 in an area adjacent 
to Channel 19. The melting of Sidewalls 20 and/or Cap 
1 4 by Laser Beams 1 7 creates Rounded Corners 22 due 

5 to the surface tension in the melted material. Rounded 
Corners 22 may be advantageous because they do not 
provide an area for dirt or other impurities to collect. 
Therefore, Channel 19 may be more likely to remain in 
a clean, unco ntaminated, -condition. 

JO [0028] In order that a minimum of the luminous power 
of the laser is absorbed in Cap 14, the wavelength of 
the laser must be selected so that it is not absorbed by 
the material used to make Cap 14, When using glass as 
the first material, the laser wavelength must -be greater 

is than approximately 600 to 800 nanometers. In this case, 
it must be taken into consideration that the absorption 
coefficient is a function of temperature. When heated, 
absorption in the material shifts to higher wavelengths 
so that, following initial transparency, considerable ab- 

20 sorption may occur in the material of Cap 1 4. To ensure 
that the bonding area between Cap 14 and Bond Frame 

13 (or Cap 14 and Sidewalls 20) heats sufficiently, and 
to ensure that the wafers are welded to one another, 
Bond Frame 13 (or Sidewalls 20} must be sufficiently 

25 illuminated by the laser beam. However, when Gap 14 
is healed, much of the power may be absorbed in Cap 

14 if the laser wavelength is chosen too close to the 
threshold of the absorption edge. The wavelength may 
be selected to be as far as possible away from the ab- 
ac sorption edge of Cap 1 4 while being as close as possible 

to the absorption edge of Bond Frame 13 (or Sidewalls 
20) thai is tc be used as the absorbing layer. If metal is 
used as Bond Frame 13 {or Sidewalls 20), there may be 
no critical limit of the laser wavelength since the metal 

35 may absorb within very broad bands of the infrared 
spectrum. When using semiconducting materials : the 
wavelength of the laser may be limited. The use of StGe 
layers or superiattice structures for absorption may re- 
duce the upper wavelength limit in this situation. 

40 [0029] A device created by the exemplary embodi- 
ment of the present invention described above or in al- 
ternative embodiments may be compatible with Com- 
plementary Metal Oxide System -(CMOS) semiconduc- 
tors. The method according to the present invention may 

45 also be compatible with bonding of materials, or within 
the vicinity of materials, that have a low tolerance for 
temperature fluctuations. In particular, materials and 
coatings that cannot withstand high temperatures may 
be compatible with the method according to the present 

5a invention, such as self-assembled mono layers used ei- 
ther to avoid sticking or to condition the surface of the 
channel in a BioMEMS. 

[0030] Due to the low temperature requirements of 
the method according to the present invention a greater 
55 range of gases and pressures may occupy Cavity 16. 
This includes the possibility for vacuum and near vacu- 
um encapsulation. 

[0031] Figure 5 shows a flow chart illustrating a meth- 
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od according to the present invention. From start Circle 
30, the ftow proceeds to Box 31 , where the wafers are 
placed in a stack. As noted above, the wafers may in- 
clude a silicon wafer upon which are constructed MEMS 
and having a bond frame arranged on an outer perime- s 
ter. The wafers may also include a cap wafer which may 
be composed of any appropriate transparent material, 
and which may be arranged on top of the silicon wafer 
so that the cap wafer is in contact with the bond frame 
of the silicon wafer. Box 32 indicates that the wafer stack 10 
is clamped together to provide a mechanical pressure 
at the interface between the cap wafer and the silicon 
wafer, In Box 33, the wafer stack is enclosed in a cham- 
ber while still under mechanical pressure. The chamber 
may be any appropriate chamber and may be integrated « 
with the device applying the mechanical pressure to the 
wafer stack. The chamber may be hermetically sealed 
and may provide a controlled environment in which to 
bond the wafer stack. Diamond 34 asks whether vacu- 
um is required for the processing of the wafer stack. Vac- 20 
uum may be desired due to the specific requirements of 
the MEMS being constructed, and may be a high or low 
vacuum. Vacuum is provided in Box 35 by evacuating 
the chamber before bonding the wafer stack, if required. 
Diamond 36 asks whether a specific gas is required. The 25 
method according to the present invention enables a 
broader range of gases to be hermetically sealed in the 
wafer stack due to the limited temperature range nec- 
essary to bond the cap wafer to the silicon wafer using 
localized laser energy rather than traditional bonding 30 
techniques. In Box 37 a specified gas is injected into the 
chamber. Box 38 provides optics to align the laser beam 
to the wafer stack. These optics may be wholly or par- 
tially integrated in the chamber to allow the laser beam 
to be positioned outside the chamber while projecting 35 
the laser beam into the chamber at the wafer stack 
placed inside. Box 39 provides a laser scanner which 
projects a laser beam which has a wavelength that is 
not absorbed by the cap wafer. Box 40 provides an x-y 
stage to move the wafer relative to the laser scanner to 
ensure that the localized laser energy of the laser beam 
is projected on the entire perimeter of the bond frame. 
Box 41 scans the laser and Box 42 moves the x-y table 
to thereby bond the cap wafer to the silicon water and 
hermetically seal the MEMS arranged on the silicon wa- 
fer. Diamond 36 asks whether the cap wafer is hermet- 
ically sealed to the silicon wafer. If the answer is no : then 
the process moves back to Box 41 , in which the laser is 
scanned, and from there to Box 42, in which the wafer 
stack is moved on the x-y table. If the answer to the $o 
question presented in Diamond 36 is yes, then the proc- 
ess moves to Box 44 in which the hermetically sealed 
wafer stack ts removed from the chamber. The flow ends 
in Circle 45. 

[0032] Specific applications of the method according 55 
to the present invention include wafer level packaging 
of inertial sensors, pressure sensors, BioMEMS, optical 
MEMS for telecommunications (e.g. optical switches, 



modulators), and Inkjet printer heads, as well as numer- 
ous other applications. 

[0033] A system that can implement the method of the 
present invention may have some or all of the following 
characteristics: an alignment unit for setting the laser 
position with reference to the microelectrornechanical 
system; an alignment unit for precisely positioning the 
wafer and cap with respect to one another; a wafer hold- 
er for fixing the wafer alignment so that there is optical 
access for the laser beam over the entire wafer area; a 
laser source having adequate power {for instance pos- 
sibly greater than 1 watt of optical power) and suitable 
wavelength; a scan unit for deflecting the laser beam 
over the wafer; a shutter for mas king/releasing the laser 
power; possibly a hermetically sealed process chamber 
for providing a specific gas atmosphere at a specific gas 
pressure during the welding procedure; an image rec- 
ognition apparatus for checking process progress; and 
possibly a sample holder with a cooling or heating ap- 
paratus. 



Claims 

1 . A method for creating a bond between a wafer and 
a cap, comprising: 

providing the wafer, at least one microelectro- 
rnechanical system arranged on the wafer and 
a bond frame arranged on the wafer, the bond 
frame arranged on an outer perimeter of the 
wafer with respect to the at least one microe- 
lectrornechanical system, the bond frame hav- 
ing a high absorption coefficient with respect to 
a wavelength of a laser beam; 
providing the cap arranged on top of the wafer, 
the cap having a low absorption coefficient with 
respect to the wavelength of the laser beam; 
and 

projecting the laser beam through the cap, the 
laser beam impinging on the bond frame, the 
laser beam heating the bond frame, wherein a 
portion of the cap adjacent to the bond frame 
is melted. 

2. The method according to claim 1 , wherein: 

the wafer includes a first material; 
the bond frame includes a second material; and 
an absorption coefficient of the first material is 
about equal to an absorption coefficient of the 
second material, 

3. The method according to claim 2, wherein the first 
material is the same as the second material. 

4. The method according to claim 1 , wherein the laser 
beam has a wavelength of about 900 nanometers 
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to 1200 nanometers. 



of about 2 micrometers to about 20 micrometers. 



15 



20 



25 



5. The method according to claim 4 , wherein the laser 
beam has a wavelength of about 1 100 nanometers. 

6. The method according to claim 1 , wherein the laser 
beam is able to pass through the cap with about ze- 
ro absorption, 

7. The method according to claim 6, wherein the cap 
includes at least one of glass and plastic. 

8. The method according to claim 6, wherein the laser 
beam is about totally absorbed by the bond frame. 

9. The method according to claim 8, wherein the laser 
beam impinging on the bond frame causes at least 
one of a bond frame temperature to increase and a 
wafer temperature to increase. 

10. The method according to claim 9, wherein: 

the laser beam impinging on the bond frame 
causes at least one of the bond frame temper- 
ature and the wafer temperature to exceed 
about 400° Celsius; 

a heat from at least one of the bond frame and 
the wafer is transferred to the cap; and 
a cap temperature exceeds a cap material melt- 
ing point, 

1 1 . The method according to claim 1 0 3 wherein at least 
one of: 

the bond frame temperature exceeds a bond 
frame material melting point; and 
the wafer temperature exceeds a wafer mate- 
rial melting point. 



12. The method according to daim 11 . wherein the laser 40 
beam impinging on the bond frame causes at least 

on of the bond frame temperature and the wafer 
temperature to exceed about 1200° Celsius, there- 
by melting at least one of the cap, the wafer, and 
the bond frame. 45 

13. The method according to claim 9, wherein the laser 
has a power in the range of about 1 watts to about 
50 watts. 

50 

14. The method according to claim 13, wherein the la- 
ser is able to heat the wafer to melt the cap with a 
speed allowing the laser to move at a rate of be- 
tween about 10 millimeters per second and about 

1 000 millimeters per second. 55 

15. The method according toclaim 1 , wherein the laser 
fceam has across-sectional diameter in the range 



16. The method according to claim 15, wherein the la- 
ser beam causes the wafer to heat up in a localized 

5 area equal to about the size of a cross section ot 

the laser beam. 

17. The method according to claim 1, further compris- 
ing projecting a second laser beam through thecap, 

io the second laser beam impinging on the bond 
frame, the second laser beam heating the bond 
frame. 

18. The method according to claim 1 , wherein: 

the at least one mjcroelectrorneehank:al sys- 
tem includes a channel; 

the bond frame includes a sidewall, the sidewall 
adjacent to the channel; 
the laser beam impinges on the bond frame in 
a portion of the sidewall adjacent to the cap, the 
laser beam heating the sidewall; and 
an interface between the sidewall and the cap 
is filled when the cap melts. 



30 



35 



19. A device, comprising: 

a wafer; 

at least one mksroelectromechanicaf system ar- 
ranged on the wafer: 
a bond frame arranged on the wafer; and 
a cap bonded to the bond frame by a laser 
beam projected through the cap, the laser 
beam impinging on the bond frame, the laser 
beam heating the bond frame, a heat from the 
bond frame melting the cap f the cap solidifying 
to form a bond with the bond frame. 

20. The device according to claim 19. wherein the wafer 
includes silicon. 

21. The device according to claim 19 T wherein the at 
least one microelectromechanical system includes 
silicon. 

22. The device according to claim 19, wherein the bond 
frame includes silicon. 

23. The device according to claim 19, wherein thecap 
includes at least one of glass and plastic. 

24. The device according toclaim 19, wherein: 

the wafer includes a first material; 
the -bond frame includes a second material; and 
an absorption coefficient of the first material is 
about equal to an absorption coefficient of the 
second material. 
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25. The device according to claim 19 f wherein the first 
material is the same as the second material. 

26. The device according to claim 19, wherein: 

the at least one microeiectromechanjcaf sys- 
tem includes a channel; 
the bond frame includes a sidewali, the sidewali 
adjacent to the channel; 
the iaser beam impinges on the bond frame in 
a portion of the sidewaf! adjacent to the cap } the 
laser beam heating the sidewali; and 
an interface between the sidewali and the cap 
is filled when at feast one of the cap, the wafer, 
and the bond frame melts. 

27, A system for bonding a wafer to a cap, comprising: 

a holder, the holder applying a normal force to 

the wafer and the cap; and 

a laser, the laser directed at the holder, the laser 

projecting a laser beam at a frequency that is 

able to pass through the hofder with about 2ero 

absorption; 

wherein the laser beam is able to pass 
through the cap and impinge on the wafer thereby 
heating the wafer and causing the cap to bond to 
the wafer. 

28. The system according to claim 27, further compris- 
ing an hermetically sealed chamber, wherein the ia- 
ser beam is able to pass through the hermetically 
sealed chamber with about zero absorption. 

29. The system according to claim 28 f wherein the her- 
metically sealed chamber is able to produce a vac- 
uum. 



35. The system according 1o claim 27, wherein: 

the laser beam impinging on the wafer causes 
a wafer temperature to exceed about 400° Cel- 
5 sius; 

a heat from the wafer is transferred to the cap; 
and 

a cap temperature exceeds a melting point of 
a cap material. 

w 

36. The system according to cfaim 27, wherein the laser 
has a power in the range of about 1 watts to about 
50 watts. 

« 37. The system according to claim 27 t wherein the laser 
is able to heat the wafer to melt the cap with a speed 
allowing the laser to move at a rate of between 
about 10 millimeters per second and about 1000 
millimeters per second. 

20 

38. The system accordtngto claim 27, wherein the laser 
beam has a diameter in the range of about 2 mi* 
crometers to about 20 micrometers. 

25 39. The system according to claim 27 t further compris- 
ing a further laser directed at the holder, the further 
laser projecting a further iaser beam at a further fre- 
quency that is able to pass through the holder with 
about zero absorption. 



30. The system according to claim 28, wherein the her- ao 
metically sealed chamber is able to be filled with a 
specified gas at a specified pressure. 

31 . The system according to claim 28, wherein the her- 
metically sealed chamber is integrated with the 45 
holder 

32. The system according to claim 27, further comprise 
ing an x-y table able to move the holder in an x-y 
plane, the x-y plane about normal to the direction of so 
the laser beam. 



33. The system according to claim 27, wherein the laser 
beam has a wavelength of about 900 nanometers 

to 1200 nanometers. 55 

34. The system according to claim 33, wherein the laser 
beam has a wavelength of about 1100 nanometers. 
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